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INTRODUCTION
Use of the free osteocutaneous fibula flap is the
preferred method for both primary and secondary
mandibular reconstruction cases, such as immediate
reconstruction after oncologic surgical ablation, re-
placement of exposed titanium reconstruction plate,
and reconstruction of mandibular osteomyelitis fol-
lowing irradiation (1-8). To restore the mandibular
shape after resection, the fibula flap is partitioned
into segments using closed wedge osteotomies. De-
termination of the angles between the bone seg-
ments and the lengths of the individual segments is
complicated and requires intraoperative reassess-
ment (9-12). If more time is required to assemble
the bone segments, the risk of intraoperative com-
plications, such as thrombi of the vascular pedicle
or flap loss, increases (13). Therefore, the simula-
tion of several surgical procedures using special
software or a three-dimensional (3D) preoperative
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models made of plaster and a photopolymerization
resin have been reported for assisting with operative
planning and adjusting the setting for neomandibular
reconstruction (14-17).
In the present study, we used a 3D sodium chlo-
ride (NaCl) model in a simulated surgery that al-
lowed for adjustment of the occlusal relationship
and confirmation of the shape of the mandible and
fibula. Because preoperative simulation using the
3D NaCl model enables direct confirmation of the
occlusal relationship or the location of the articular
head, an optimal and symmetrical neomandible can
be created after adjustment of the occlusal position
on the simulated NaCl model. Compared with other
published 3D models, the 3D NaCl model has sev-
eral advantages : explicit coloring of the model’s
interior ; strength and quality resembling real bone ;
relative low cost of the main material (salt) ; and
environmental friendliness because of its high solu-
bility in water. Therefore, we believe that NaCl may
be an ideal environmentally friendly material for
use in simulation surgery. However, the accuracy
of this model has not yet been proven. The aim of
this study was to determine the accuracy of the 3D
NaCl models for simulated mandibular reconstruc-
tion surgery.
METHODS
Five patients underwent reconstruction with a
free vascularized fibula bone graft using a 3D NaCl
model (Sony EMCS Corp., Aichi, Japan) between
September 2011 and November 2012 at Tokushima
University Hospital. The subjects were men aged
ranging 36-74 years (mean age, 59.6 years). Patient
demographics are presented in Table 1. We report
2 cases of primary reconstruction immediately after
resection of an ameloblastoma from the mandibular
bone and 3 cases of secondary reconstruction due to
plate exposure, plate corruption, and osteomyelitis
following irradiation. In cases of plate exposure or
plate corruption, fibular bones were transplanted
after these plates were removed. The neomandible
was assembled with fibular bone segments and ti-
tanium miniplates were used to connect each seg-
ment and mandibular bone. In all cases, the fibular
bone was elevated with a skin flap and vascular pedi-
cles. Fibular arteries and veins of the transplanted
flaps were anastomosed to the recipient vessels on
the neck during microscopic surgery.
NaCl model creation process
Data obtained from a computed tomography (CT)
scan involving the maxilla, mandible, and fibula were
encoded using digital imaging and communication in
medicine data in CD-R format and sent to a produc-
tion company. One-millimeter slices of the area of
interest were used in the present study. The 3D
NaCl model was created as follows : 5% of a bonding
material was mixed in NaCl particles measuring 30
μm in diameter, and after repeated reactions of these
materials in combination with water, the 3D NaCl
model was laminated with multiple layers (Figure 1).
Table 1. Patient Demographics
Case No. Age (yr) Sex Diagnosis Type of Reconstruction Bone Defects Number of Osteotomies
1 68 M Plate exposure Secondary B-S-B 2
2 57 M Plate corruption Secondary R-B 1
3 74 M Irradiated osteomyelitis Secondary B-S-B 2
4 63 M Ameloblastoma Primary R-B 1
5 36 M Ameloblastoma Primary R-B 1
B, body of corps ; S, symphysis ; R, ramus.
Figure 1. Three-dimensional NaCl models. (a) Mandible and
maxilla models. The tumor to be resected is visible in the left
mandible body. (b) Fibula model, slightly twisted.









NaCl model simulation process
The mandible is categorized into bone units,
namely, the ramus (R), body of the corpus (B), and
symphysis (S), according to Urken’s classification
(2). Mandibular reconstruction in the present study
was performed according to bone units (Figure 2).
In the case of primary reconstruction, the original
contour of the mandible on the 3D NaCl model was
copied onto tracing paper. A line representing the
expected mandibular defects and the optimal neo-
mandible to be created using fibular bone segments
was drawn on the same paper. The length of each
bone segment, the angles between R and B ob-
served from both lateral and axial views, and the
angles between B and S observed from the axial
view were measured on the paper. The 3D NaCl
model of the fibula was cut into “bone segments”
based on the measured lengths and the segments
were attached at the measured angles to form the
simulated NaCl model (Figure 2).
In the case of secondary reconstruction, adjust-
ment of the mandible position was often required
when original occlusion was lost. The optimal neo-
mandible with correct occlusal position was drawn
on paper, while a simulated NaCl model was created
by the same procedure used for the primary recon-
struction. Especially in cases of reconstruction in-
volving the articular head, it was important to con-
firm the correct position of the articular head of
the neomandible by using simulated models. The
harvested fibula could be cut and assembled to cre-
ate a neomandible during surgery in the same man-
ner as that in the simulated NaCl model.
Measurements and evaluations
The angles between B and S were measured from
the axial view on the simulated 3D models and on
the neomandible using postoperative CT images
(n=4) (Figures 2a, 2b). The angles between R and
B were measured from the lateral and axial views on
the simulated 3D models and on the neomandible
using the postoperative CT images (n=6) (Figures
2c, 2d, 2e, 2f). Postoperative error was defined as
differences between angles measured on the simu-
lated 3D models and angles measured on the post-
operative CT images. The postoperative errors were
measured on 10 angles in 5 patients.
Figure 2. Simulated NaCl models and postoperative computed tomography (CT) images for angle measurement. (a) The red arcs
indicate the angles between the body of the corpus (B) and symphysis (S) on the simulated NaCl model in case 1. Measured angles
are 60and 55. (b) The red arcs indicate the postoperative angles between B and S on the CT image in case 1. Measured angles are
62and 60. (c) The red arc indicates the angle between R and B from the lateral view on the simulated NaCl model in case 5. The
measured angle is 135. (d) The red arc indicates the postoperative angle between R and B from the lateral view on the CT image in
case 5. The measured angle is 130. (e) The red arc indicates the angle between R and B from the axial view on the simulated NaCl
model in case 5. The measured angle is 150. (f) The red arc indicates the postoperative angle between R and B from the axial view on
the CT image in case 5. The measured angle is 150.




All of the transplanted tissues survived in the pre-
sent study. The angles measured on the simulated
models and CT images are shown in Table 2. In
cases 1 and 3, bilateral angles between B and S
observed from the axial view were measured. In
cases 2, 4, and 5, angles between R and B observed
from the lateral and axial view were measured. The
postoperative error was 0-5(mean, 1.9). In case 1,
the mandibular defect existed on the B-S-B region of
the mandible. The neomandible was assembled with
fibular bone segments according to the simulation
with the 3D NaCl model. The differences between
angles measured on the simulated models and on
the CT images were 2 and 5at bilateral angles
between B and S observed from the axial view. Sym-
metrical facial appearance was achieved (Figure 3).
Figure 3. Case 1. (a) Preoperative image. An exposed plate and contracted mucosa are visible under the plate. (b) The simulated
NaCl model. (c) The neomandible is assembled with 3 pieces of fibula according to the simulated NaCl model. A skin flap and 2 clips
for vascular pedicles are visible. (d) Six months after the surgery, satisfactory appearance of the mandible is noted.
Table 2. Measurments of the Angles on Simulated Models and CT Images
Case No. Angles on Simulated Models Angles on CT Images Postoperative Errors
1 60, 55* 62, 60* 2, 5
2 130, 145** 130, 150** 0, 5
3 58, 60* 60, 60* 2, 0
4 130, 145** 130, 145** 0, 0
5 135, 150** 130, 150** 5, 0
*bilateral angles between B and S observed from the axial view.
**angles between R and B observied from the lateral and axial view ; first figure indicates the angle observed from the lateral view and
second figure indicates the angle observed from the axial view.





In case 2, the mandibular defect existed on the B-R
region including the mandibular head. The simu-
lated NaCl model was prepared after the malocclu-
sion was corrected. The neomandible was assem-
bled with fibular bone segments according to the
simulation using the 3D NaCl model. The differ-
ences between angles measured on the simulated
models and on the CT images were 0 and 5at an-
gles between R and B observed from the lateral
and axial view. A symmetrical facial appearance was
achieved with a satisfactory occlusal relationship
(Figure 4). All osteotomies were performed accu-
rately and errors were within 5. Completing the
preoperative simulation with the 3D NaCl model
resulted in a shortened time required to measure os-
teotomy angles intraoperatively and correct adjust-
ment of each fibular bone segment in the occlusal
position.
DISCUSSION
In the present study, we estimated the accuracy
of NaCl model use for mandibular reconstruction in
a simulation surgery using the 3D NaCl model. In
fact, the postoperative angles achieved in clinical
cases, as measured on CT images, were very close
to the optimal angles on the simulated NaCl model.
The postoperative shape of the neomandible closely
resembled the shape of the simulated NaCl model
because the 3D NaCl model accurately represented
the actual bone, and the resected area of the man-
dible could be easily and precisely determined be-
cause the mandibular tumors can be reproduced
and confirmed in different colors. The surgical pro-
cedure used to assemble the neomandible could be
performed smoothly and successfully because we
could observe the fibular shape on the 3D NaCl
model and assemble the bone segments prior to the
Figure 4. Case 2. (a) Preoperative 3D NaCl models of the maxilla and mandible show malocclusion. The black and red dots indicate
the centerline of each jaw. Note the gap between the centerlines. (b) The simulated NaCl model. (c) The neomandible is assembled
with 2 pieces of fibula according to the simulated NaCl model. A skin flap and vascular pedicle with 3 clips are visible with the fibula.
(d) Six months after the surgery, the gap between the centerlines is decreased.
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surgery. Bone segment assembly is a complicated
procedure because the cortex of the fibula is com-
posed of 3 twisted and curved aspects whose de-
grees of curvature differ among individuals. There-
fore, preoperative knowledge of these features of
each fibula would lead to accurate osteotomy during
surgery.
Mandibular reconstruction remains a challeng-
ing procedure for reconstructive surgeons because
mandibular occlusal function and aesthetic appear-
ance are affected by the chosen reconstructive tech-
niques, surgeon’s expertise, and position and shape
of the grafted bone (3, 10). Recent methods such
as computer-aided operation planning for extensive
mandibular reconstruction or virtual surgical plan-
ning have been reported (9, 10). Moreover, the 3D
images on a display may not be convenient for com-
plicated surgical planning. Because it is difficult to
restore the occlusal position preoperatively by using
these procedures, it may not be possible to achieve
a symmetrical appearance of the reconstructed man-
dible during an actual operation (16). In contrast,
preoperative simulation using our 3D model enables
direct confirmation of the occlusal relationship or
the location of the articular head. An optimal and
symmetrical neomandible can be created after ad-
justment of the occlusal position on the simulated
NaCl model is performed.
Compared with other published reports on 3D
models made of plaster or photopolymerization
resin, our 3D NaCl model has the following ad-
vantages : various coloring of the interior materials
according to CT values ; strength and quality re-
sembling real bone ; relative low cost of the main
material (salt) ; and environmental friendliness due
to high solubility in water. Tooth roots, nerves, or
neural tubes, which have different CT values from
those of bone, can be dyed in different colors. In our
experiences, plaster 3D models were occasionally
damaged during simulation surgery due to the ma-
terial’s weakness. In contrast, the 3D NaCl model
is prepared using a very strong material that cannot
be shattered or cracked during the simulation sur-
gery. The powder released by resin models may
cause severe health impairments when the resin
model is cut during the simulation. Disposal of the
resin model may present an environmental concern
and become a problem because it is a hazardous
chemical substance (11). Therefore, we believe that
NaCl may be an ideal material for solving these
health and environmental issues. This model does
have one disadvantage, however : it becomes soft
in high-humidity environments because of its high
water solubility. Thus, a desiccant must be included
in the package to preserve such models.
Although the 3D NaCl model was developed in
2010, to our knowledge, the present study is the
first to describe its use in simulated mandibular re-
construction. The findings of this study encourage
reconstructive surgeons to improve techniques and
perspectives to achieve better mandibular recon-
struction outcomes. The use of this model also re-
duces repetitive and complicated intraoperative pro-
cedures required to adjust the neomandible. With
further development of this model, it can be used in
cases of osteotomy for congenital cranial deformities
or posttraumatic deformities, as previous 3D models
have already been used for such cases. Additional
coloring of internal structures such as tooth roots
or neural tubes in this 3D model may prevent ex-
tensive injuries to such structures during the actual
surgery.
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